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Summary
An experinmntal investigation was conducted to
determine cavity flow characteristics at subsonic and
transonic speeds and in particular to determine the
cavity length-to-depth ratios 1/h for the t)oundaries
of the (tifferent cavity flow types. A rectangular box
cavity was tested in the Langley 8-Foot Transonic
Pressure Tunnel at Mach nund)ers fl'om 0.20 to 0.95
at a unit Reynolds numl)er of approximately 3 × 10 6
per fl)ot. The bounda,'y layer approaching the cavity
was turbulent and had an approximate thickness of
0.5 in. Cavities were tested over length-to-depth ra-
tios ranging from 1 to 17.5 for cavity width-to-depth
ratios of 1, 4, 8, and 16. Detaile(t static-pressure
nleasurelnents were obtained in the cavity to en-
able flow field types to be determined. Fluctuating-
pressure nleasurenlents were also nla(te hilt are not
presented in this paper. A complete tabulation of
the mean static-pressure data is presented both in
hard copy and on a floppy disk in a supplement to
this report. In this report, the static-pressure data
are analyzed and used to define the flow field char-
acterist.ics. Tile flow fiehl was found to change from
transitional to closed cavity flow over a wide range of
1/h and was dependent on Math launl)er and cavity
configuration. The change to transiti(mal flow from
open flow consistently occurred at I/h _ 6 to 8. If
I/h was held constant while either the cavity width
was decreased or the cavity depth was increased, the
cavity pressure distribution tended more toward a
closed flow distribution.
Introduction
Many investigations, both experimental (refs. 1
11) and computational (refs. 12 17), have been con-
ducted to study the flow fieht within a rectangular
box cavity and to define the mean pressure distri-
butions and acoustic levels within the cavity. Inves-
tigations have been conducted from the subsonic to
the hypersonic regimes, with a considerable amount
of research at supersonic speeds for application to
military aircraft. With the renewed interest in the
internal carriage of stores and the need to separate
stores over the entire flight envelope of the aircraft,
knowledge of the eavity flow types at subsonic and
transonic speeds is needed.
At supersonic speeds, four types of cavity flow
were defined in references 4 and 11. The four
flow types, open, closed, transitional-closed, and
transitional-open, will be briefly discussed below.
The first flow type generally occurs when the cav-
ity is "deep," as in bomb bays, and is termed open
ca_it.y flow. Sketches of the flow field and typical
pressure distributions are shown in figure 1 for open
cavity flow. Open cavity flow generally occurs for
I/h < 10 at. supersonic speeds. For open cavity flow,
the flow essentially bridges the cavity and a shear
layer is formed over the cavity (fig. l(a)). When tile
cavity flow is open, a nearly uniforin static-pressure
distribution is produced (fig. l(b)), which is desir-
able for safe store separation; however, high-intensity
acoustic tones can develop (fig. l(c)). These tones
can induce vibrations in the surrounding structure,
including the separating store, and lead to structural
fatigue.
The second type of cavity flow is for "shallow"
cavities an(t is termed closed cavity flow. The cavity
configurations typical of missile bays on fighter air-
(:raft ar(_ shallow cavities. Figure 2 provides sketches
of the flow field and typical pressure distributions
for closed cavity flow. At supersonic speeds, closed
cavity flow generally occurs for l/h > 13. In closed
cavity flow, the flow separates at the forward face of
the cavity, reattaches at some point along the cav-
ity floor, and separates again before reaching the
rear cavity face (fig. 2(a)). This creates two dis-
tinct separation regions, one downstream of the for-
ward face and one upstream of the rear face. For
shallow cavities where the flow is of the closed type,
acoustic tones are not present (fig. 2(e)); however,
the flow produces an adverse static-pressure gradi-
ent (fig. 2(b)) that can cause the separating store to
experience large nose-up pitching moments.
The third and fourth cavity flow types
(transitional-closed and transitional-open) are flow
fields that occur for ca_dt.ies that have wdues of I/h
that fall between closed cavity flow and open cavity
flow, i.e., I/h _ 10 to 13. Transitional-closed cav-
ity flow occurs at the lower I/h boundary for closed
cavity flow. For this case, the impingement shock
and exit. shock that normally occur for closed cavity
flow coiilcide and form a single shock, a.s shown in
figure 3(a). The shock signifies that the flow has im-
pinged on the cavity floor. Similar to closed (:a_dty
flow, large longitudinal static-pressure gradients oc-
cur in the cavity and can contribute to large nose-up
store pitching moments.
With a very small reduction in 1/h from the value
corresponding to transitional-closed cavity flow, the
ilnpingement-exit shock wave abruptly changes to a
series of compression wavelets, indicating that al-
though the shear layer no longer inlpinges on the
cavity floor, it does turn into the cavity. This type
of flow field is referred to a.s transitional-open cavity
flow. For this type of flow field, as indicated in fig-
ure 3(b), longitudinal pressure gradients in the cavity
are not as large as for the transitional-closed cavity
flow, and consequently the problem of store nose-up
pitchingmomentisnot assevereasforclosedcavity
fows. Theacousticfieldsfor transitional-closedand
transitional-opencavitieshavenotbeendetermined.
The determinationof transitional-closedand
opencavityflows,aswellasopenandclosedcavity
flows,canbestbemadebyobservationof thestatic-
pressuredistributionin the cavity. Figuresl(b),
2(b),and3 providetypicalstatic-pressuredistribu-
tionsforeachflowtypeandcanbeusedasaguideline
for determiningthetypeof cavity flow.
Cavity flow types are generally defined in terms
of the length-to-depth ratio of the cavity. How-
ever, other parameters can affect the exact value of
l/h where the flow transitions from closed to open.
Some of these other parameters include Mach num-
ber (ref. 1) , tile ratio of cavity width to cavity depth
(ref. 4), the ratio of boundary-layer height to cav-
ity depth (ref. 3), and the location of stores inside
tile cavity (ref. 11). Care should be taken to match
cavity parameters and free-stream conditions when
making data comparisons.
With the supersonic cavity flow characteristics as
a guide, a test was conducted to determine cavity
flow characteristics at subsonic and transonic speeds
and in particular to determine the l/h values for the
boundaries of the different cavity flow types. The
fluctuating- and static-pressure levels within a cav-
ity were measured over the range of length-to-depth
ratios where open, transitional, and closed flows were
expected to occur. (Only static pressures are re-
ported in this paper.) The test was conducted at
Mach numbers from 0.20 to 0.95 and at values of
l/h from 1 to 17.5. Cavity width-to-depth ratio was
varied from 1 to 16. The boundary layer approach-
ing tile cavity was turbulent, with an approximate
thickness of 0.5 in.
Symbols
bx distance between aft wall and leading
edge of bracket, in. (see fig. 13)
Cp pressure coefficient,
q,-_,
FPL fluctuating-pressure level, dB refer-
enced to q_c
FS full-scale range of pressure transducer
h cavity depth, in.
Lp length of flat plate from plate leading
edge to leading cdgc of cavity, 36 in.
l cavity length, in.
5i local Mach number
M_
P
Pcc
Pt,_c
q_c
R_c
U
U_
free-stream Mach number
measured surface static pressure, psf
free-stream static pressure, psf
free-stream total pressure, psf
free-stream dynamic pressure, psf
free-stream unit Rcynolds number,
per ft
free-stream total temperature, °F
local velocity, fps
free-stream velocity, fps
cavity width, in.
x distance in streamwise direction, in.
(see fig. 5)
y distance in spanwise direction, in. (see
fig. 5)
z distance normal to the flat plate, in.
(see fig. 5)
5 boundary-layer thickness, in.
Experimental Methods
Model Description
A flat plate with a rectangular, three-dimensional
cavity was mounted in the tunnel and is shown in
figure 4. A flat plate was chosen as the parent
body to allow a well-defined two-dimensional flow
field to develop ahead of the cavity. The model was
supported in the center of the tunnel by six legs. The
forward two legs on each side were swept forward
to distribute longitudinally the model cross-sectional
area for blockage considerations. Two guy wires were
attached to opposite sides of the plate to increase
lateral stiffness and stability. A fairing was placed
around the cavity on the underside of the plate for
aerodynamic purposes.
Cavity length was remotely controlled with a slid-
ing assembly that combined the aft wall and the plate
downstream of the cavity (see figs. 5 and 6). The cav-
ity length could be varied from a maximum of 42 in.
to a minimum of 1.2 in. Brackets were positioned on
the surface of the flat plate, downstream of the aft
wall, to prevent the cantilevered portion of the slid-
ing assembly from defecting above the plate surface.
The brackets were used for most configurations and
consisted of two metal supports downstream of the
cavity, positioned to overlap the sliding assembly and
the flat plate. Figure 7 is a photograph of the brack-
ets positioned on the model, and figure 8 is a sketch
of the bracket details. The maximum distance the
sliding assembly could be cantilevered forward of the
bracketswasapproximately6.5in. Datawereactu-
ally takenwith theaft wallof thecavitypositioned
forwardof thebracketleadingedgeat distancesba.
ranging from 0.0 in. to 6.0 in. (Tile exact position
of the bracket relative to the cavity leading edge for
any cavity configuration is provided in the supple-
ment.) A model change was required to position the
brackets for a specified range of aft wall movement.
Several model changes were required to allow tile aft
wall to traverse tile full length of the cavity. Tile
brackets were designed to minimize interference on
the upstream flow. A limited assessment of the ef-
fect of the brackets was made, and these results are
provided later in the paper.
The width of the cavity could be varied by insert-
ing new side walls, aft wall, and sliding plate. The
floor of the cavity couht be moved to vary the cavity
depth. The cavity widths tested were 2.4 and 9.6 in.
The cavity depths tested were 0.6, 1.2, and 2.4 in.
Table 1 provides a summary of the configurations
tested.
A boundary-layer transition strip was applied to
the leading edge of the flat plate to ensure that tile
flow entering the cavity was fully turbulent for all
test conditions. To fix transition, a strip of No. 60
grit was distributed over a width of 0.10 in., approx-
imately 1 in. aft of the leading edge, in accordance
with the recommendations in references 18 and 19.
Wind Tunnel and Test Conditions
The test was conducted in the NASA Langley
8-Foot Transonic Pressure Tunnel (TPT). This facil-
ity is a continuous-flow, transonic wind tunnel capa-
ble of operating over a Mach number range from 0.20
to 1.30. The tunnel can obtain Reynolds nmnbers
from 0.1 x 106 to 6 x l06 per ft by varying stagnation
pressure fi'om 1.5 to 29.5 psia.
The tests were conducted with a flat plate at an
angle of attack of 0 ° and a yaw angle of 0°. Maeh
number was varied from 0.20 to 0.95 at unit Reynolds
numbers between 2 x 106 and 5 x 106 per ft. Table 2
provides a summary of the nominal test conditions.
Tile model size was large compared with the tml-
nel; model frontal cross-sectional area was 1.4 ft 2 and
the 8-ft TPT cross-sectional area is 50.26 ft 2, result-
ing in a tunnel bh)ckage of nearly 3 percent. The
large percentage of tunnel blockage caused concern
for the ability to achieve a zero pressure gradient
flow over the cavity region of the model. The begin-
ning of the test was therefore used to calibrate the
model in the tunnel. The model was configured with
the floor of the cavity positioned flush with the plate
surface (providing a flat plate test surface), and the
tunnel reentry flaps were adjusted toward achieving
the following two conditions over the cavity region of
the plate: (1) provide a zero pressure gradient, and
(2) provide a measured pressure equal to the empty
tunnel free-stream static pressure (i.e., Cp = 0).
Figure 9 shows the final surface pressure distri-
butions obtained over the plate. The dist.ributions
are shown for data along the model eenterline, from
the plate leading edge (:r = -36 in.) to the point
where the cavity would end (x = 42 in.). (Note that
the large gap in data along tile model centerline from
x = 0 in. to x = 10 in. results from placement of other
instrumentation and from a bad orifice at x = 4 in.)
As can be seen, the distributions show a nearly zero
pressure gradient, but the average value of Cp is not
quite zero. The offset in Cp results in a free-streanl
Mach number over the plate that is different from the
calibrated test section Mach number. The difference
in tile Math numt)er over the plate and the calibrated
Mach numt)er was assessed by (1) calculating an av-
erage Math number on the plate and (2) calculating
the maximunl change in Mach number. The aver-
age Mach number A/plat e was calculated by averag-
ing the pressures over tile cavity region on the plate
and taking the ratio of the averaged pressure to the
tunnel total pressure. The Math nunlber with the
greatest deviation fronl the free-stream Mach num-
ber (_/max) was computed from the value of tile pres-
sure, in the cavity region, that varied tile most from
the tunnel free-stream static pressure. For two Math
nunlbers, M_c = 0.20 and 0.90, local pressures were
both greater and less than tunnel free-stream static
pressure. For these two Maeh numbers, tile maxi-
mmn deviation on either side of the free-stream Math
munber is given in the table below. For the other
Mach tmmbers the deviation occurred on only one
side of the free-stream value. The following values
of Mach mmlber on the plate and the maximum de-
viation in Mach nmnber (AMd_, v = Almax - !tl_c)
resulted:
AI_ "_/plat,, AAI, h,v
(}.200
..10(}
.600
.800
.901
.951
(}.202
.|06
.611
.82{)
.896
.934
0.00,1, 0.003
.008
.015
.031
.003, -.009
-.026
Tcst.ing experience has shown that the cavity
pressure distributions are relatively insensitive to
Mach numt)er deviations of this magnitude for the
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subsonicandtransonicspeedregimes;therefore,free-
streamMachnumberwill beusedasthe reference
Machnumberthroughouthepaper.
Measurements
Surface static pressures. The model was
instrumented with 148 static-pressure orifices with
an inner diameter of 0.020 in. The static-pressure
orifice locations are listed in figure 10.
The static pressures on the model were mea-
sured with electronically scanned pressure (ESP)
transducers referenced to the tmmel static pressure.
These transducers had a range of +5 psid and a
quoted accuracy of 4-0.15 percent FS (+0.01 psi).
In terms of the Cp values, the accuracy translates to
flush with tile plate surface, and the total pressure
through tile boundary layer was measured with a
rake located at the cavity leading edge. The total
pressures through the boundary layer were measured
with a 4-10-psid ESP referenced to tunnel static pres-
sure. The quoted accuracy of this ESP is 4-0.15 per-
cent FS (+0.02 psi).
The boundary-layer thickness was estimated by
using the traditional definition of boundary-layer
thickness, the edge of the boundary layer is de-
fined to be the height above the surface at which
U/U_ = 0.99. The value of U/Ux, was calculated
from the equation
U _ M ,/l+0.2M_
U,_ AI_ V 1 + o. 2_ i _
M_ ACp
0.20
.40
.60
.80
.90
.95
±0.014
± .O04
-t=.002
±.002
±.002
+.002
Note that the accuracy of the Cp values at 2/.I_ =
0.20 is nmch lower than tile accuracy at higher Mach
numbers. This is a result of tile decision to size
the transducers for tile high-pressure ranges. Tile
reduced accuracy is seen in the data as a variation
about a mean line. The trends are valid, though the
exact value of @ may be in error by 4-0.014.
In references 5 and 20, it was reported that
at subsonic and transonic speeds, unsteadiness in
the unaveraged static-pressure data was a concern,
especially for cavities where the flow would be of
the open type. During this test, each orifice was
sampled at a rate of 20 tinles/sec. Three data points
(each data point consisting of an average of the
20 samples) were taken for each cavity configuration
and flow condition. A comparison was nmde between
the three data points taken and no differences were
noted. Figure 11 shows the data points for both open
(I/h = 4) and closed (l/h = 17) cavity flows and is
representative of all data taken. Because the data
points were repeatable, the data presented in this
report and tabulated in the supplement will consist
of an average of tile 20 samples taken on the second
data point.
Boundary-layer thickness. To determine the
boundary-layer thickness, the cavity floor was moved
obtained from reference 21. In using this equation
it was assumed that the total temperature and the
static pressure through the boundary layer remained
constant. The approximate boundary-layer thickness
was 0.5 in., and the calculated boundary-layer thick-
ness at each Maeh number is tabulated in table 2.
Tabulated data. Tile static-pressure measure-
ments, reduced to coefficient form, are presented in
tabular form in a supplement to this report. These
tables contain the exact tunnel test conditions as well
as tile measured static pressures on the model.
Discussion of Results
Background
Before the test results are presented, two areas
will be addressed to orient tile reader with respect
to the data plotted. These two areas are: (1) a
description of orifices plotted in the data presentation
and how these orifices were selected and (2) how the
sliding plate assembly restraint brackets affect the
cavity flow.
Selection of orifices. Static-pressure distribu-
tions ahmg tile cavity floor were obtained at three
spanwise locations: the cavity ccnterline and y =
+2.4 in. (see fig. 10(b)). Comparisons were made
between tile three hmgitudinal rows of orifices on
the floor. Figure 12 shows a typical comparison;
there is nfinimal difference between the centerline
and off-centerline rows of orifices for a cavity width
of 9.6 in. These data are representative of the data
obtained for all configurations and conditions where
w = 9.6 in. Because there are more static-pressure
orifices at y = 2.4 in. than on the centerline of the
cavity floor (dynamic transducers were located on the
floor centerline), the measurements taken on the row
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of orifices at y = 2.4 in. will be used to describe the
cavity floor pressure distribution for configurations
where w = 9.6 in. Centerline data are available in
the supplement to this report.
For cavities configured with a width of 2.4 in.,
only the cavity floor centerline orifices are exposed;
therefore, the floor centerline pressure data will be
presented for this configuration.
On the forward wall of the cavity, there is no
pressure orifice on the centerline. The data plotted
are from orifice 52, y = 1.4 in. (see fig. 10(e)).
Tile y-location of the orifices used in the data
presentation is explicitly stated in figures 17, 18, 19,
27, and 28 as a reminder that the data are not oil
the centerline.
Effect of sliding plate assembly restraint
brackets. In the section "Model Description," the
use of brackets downstream of tile cavity rear wall
to retain the sliding plate assembly was discussed.
Brackets were not used for all model configurations.
Configurations that did not use the brackets are
listed below:
5Ioo h, in. u, in. l/h
0.20
.40
.60
.80
.90
.95
.80
.90
.95
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2,4
2.4
9.6
9.6
9.6
9.6
9.6
9.6
2.4
2.4
2.4
2, 4, 6, 7. 8, 17.5
2, 4, 6, 7, 8, 17, 17.5
2, 4, 6, 7, 8, 17, 17.5
2, 4, 6, 7, 8, 17, 17.5
2,4,6,7,8, 17, 17.5
2, 4, 6, 7, 8, 17, 17.5
15, 17, 17.5
15, 17, 17.5
15, 17, 17.5
Configurations tested with and without brackets are
listed in the following table:
M_ h, in. w, in. I/h
0.90 2.4 9.6
.95 2.4 9.6
11
9, 10, 11
For the configurations tested both with and without
brackets, only the data taken with brackets will
be presented in the data analysis and the paper
supplement.
To assess the effect of the brackets on the cav-
ity flow, data will be presented to show the ef-
fect of brackets versus no brackets and the effect, of
bracket location. Figure 13 is a comparison of the
static-pressure data on the cavity' floor ot)tained at
/lloc = 0.95 for several values of 1/h with and with-
out brackets. Figure 14 is a comparison of the pres-
sure distribution on the flat. plate at. y = 7.8 in. (see
fig. 10(a)) with and without brackets. These data
in figures 13 and 14 show that the use of brackets,
for 1.5 < b.,. <_ 4.3, had no significant effect on the
pressures within the cavity or on the flat plate near
the cavity;. The effect on the cavity, floor t)ressure
distribution of placing retaining brackets at two po-
sitions downstream of the rear wall for a cavity of
fixed length is shown in figure 15, and the effect of
the different positions on the flat. plate t)ressure dis-
tributions beside the cavity (y = 7.8 in.) is shown in
figure 16. For these figures, the tip of the bracket is
either 0.5 in. or 5.7 in. downstream of the aft wall.
These positions are the approximate range of bracket
positions where data could be taken. (Data were
actually taken for 0 _< b.r < 6.) Results shown in
figure 15 indicate that there is a small effect of the
brackets on the cavity floor pressure distributions ms
the cavity aft wall approaches the brackets. Since,
ms shown in figure 13, the brackets had no effect
on the floor pressure distributions for b.r _> 1.5 in.,
tile small (tifferences in the pressure distrit)utions for
b:r = 0.5 in. an(t 5.7 in. shown in figure 15 are believed
to be due to an effect of the brackets at, b.r = 0.5 ill.
As shown in figure 16, the location of tile t)rackets
had negligible effbct on the [)late pressure distribu-
tions beside the cavity. Because of the small or neg-
ligible effects of the brackets on the cavity and l)late
pressure distril)utions as shown in figures 13 16, it
will be assumed that the brackets have negligit)le ef-
fect on tile static pressures within and near the cavity
at the positions where pressures are measured.
Effect of l/h
Cavity pressure distributions. The effect of
varying the cavity length while holding cavity width
and depth constant is shown in figures 17 19. with
each figure presenting data for a specific combination
of cavity width an(l depth. Figure 17 shows the
static-pressure distril)ution on the forwar(t wall, the
floor, aim the aft wall of tile cavity. Figures 18 an(t 19
show the static-pressure distril)ution on the floor and
the aft. wall; no orifices were exposed on the forward
wall for these configurations. Values of l/h were
selected to show the change in t)ressure distribution
from open to closed cavity flow; therefore, not all
vahms of 1/h are plotted. The specifi(" values of
1/h for which data were ot)tained for each cavity
configuration during the test are provided in table 1.
and the tabulated data for any configuration can })e
obtained from the report sut)plement.
Listed in the key in figures 17-19 are flow field
types that were determined by observation of the cav-
ity floor pressure distributions. The flow field type
was specified after evaluation of all pressure distri-
butions obtained, not just the distributions shown in
figures 17 19. Schlieren and vapor screen flow visu-
alization techniques that have been very useful for
providing information on the cavity flow field type
at supersonic speeds did not reveal any useful in-
formation on the type of flow field for the blach
number range of the present tests. However pres-
sure distributions that are characteristic of most of
the flow types that have been defined at supersonic
speeds were observed in the present tests, and these
comparisons are the basis for selection of the flow
field types shown in figures 17 19. The flow types
of open, closed, transitional-open, and transitional-
closed were defined, for supersonic speeds, in refer-
ences 4 and 11, and the definitions are summarized
in the "Introduction" section of this report. At tran-
sonic speeds, the flow field types will be classified as
open, transitional, or closed. The cavity floor pres-
sure distribution characteristics for each type of cav-
ity flow and the pressure distributions used to define
the boundaries between the flow types are provided in
figure 20 and described below. (A discussion of the
transitional-open and transitional-closed flow types
will follow in tile section "Comparison With Pub-
lished Supersonic Results.")
Open Flow
• Tile value of pressure (Cp _ 0) for x/l < 0.6 is
uniform.
• At x/1 > 0.6, the pressures increase with increas-
ing x/1 and the distribution has a concave-up
shape.
Open/Transitional Flow Boundary
• The pressure distribution over the rear portion of
the cavity foor (x _> 0.6) changes from a concave-
up shape to a concave-down shape.
• The pressure coefficients over the forward portion
of the cavity are close to 0.
Transitional Flow
• Prcssure distributions over the rear portion of tile
cavity floor (x > 0.6) have a concave-down shape.
• As l/h increases, the Cp distribution along the
cavity floor gradually varies from the shape of the
distribution shown at the open/transitional flow
boundary to that shown at the transitional/closed
flow boundary.
Transitional/Closed Flow Boundary
• Pressure coefficients increase uniformly from neg-
ative values in the vicinity of the front face to
large positive values ahead of the rear face. The
minimum values in the vicinity of the front face
and maximum values ahead of the rear face are
approximately of the same magnitudes measured
for closed cavity flow.
Closed Flow
• The flow becomes closed when an inflection oc-
curs in the pressure distribution at x/1 _ 0.5 as
a result of increasing l/h.
• A further increase in I/h causes the inflection
point to become a plateaued region in the pres-
sure distribution.
• A still further increase in 1/h causes a decrease in
pressure downstream of the plateaued region fol-
lowed by an increase in pressure to the maximum
value ahead of the rear face.
• The maximum pressure ahead of the rear face re-
mains at approximately the same value measured
at the boundary with transitional flow.
Note that in some cases the experimental pressure
distributions only approximately match the generic
distribution specified in figure 20, and therefore some
interpretation may be required. For this reason, and
also because of the lack of qualitative flow visual-
ization data, the boundaries presented in this report
are considered approximate. It is also important to
recognize that determination of the boundaries of the
transitional flow type, from the pressure distribution,
requires that the pressure distribution over the full
range of flow types, open to closed, be available for
comparison.
To demonstrate the use of the generic pressure
distributions to specify flow types, data at A.I = 0.95
are shown in figure 21. For 1/h = 6 the flow type is
specified as ()pen. The values of Cp are approximatcly
0 up to x/l _ 0.6, and the pressure distribution in
the aft end of the cavity has a concave-up shape. At
l/h = 8, tile forward portion of the cavity (x/l <_ 0.4)
shows the values of @ to be approximately 0, and
values of C.p downstream of x/l _ 0.4 show a pressure
rise, with a concave-down shape to tile distribution
occurring at x/l >_ 0.6. Since the 1/h = 8 data arc
the first set of data to show the concave-down shape
indicative of transitional flow, l/h = 8 is assumed
to be the boundary between open and transitional
flow for this cavity configuration. For I/h = 11,
the values of Cp do not approach the maximum and
minimum values for closed flow; therefore, the flow
is of the transitional flow type. At 1/h = 13.4, the
maximumpressurelevelobtainedwith closedcavity
flow is reachedand the mininmmpressurelevelis
beingapproached.Thepressurecoefficientsareseen
to increaseuniformlyfrom the low pressurein the
forwardpart of the cavity to the highpressuresin
therearofthecavity.Thedistributionat.I/h = 13.4
is representative of flow at or near the boundary of
transitional and closed flow. At 1/h = 17.5, closed
cavity flow is indicated by the plateaued pressures for
x/l from 0.4 to 0.6. Data at higher values of l/h were
not obtained. However, an example of closed flow
where l/h has increased to the point where pressure
decreases downstream of the initial plateaued region
is shown in figure 17(d) for M = 0.80. The pressure
decrease in the mid portion of the cavity is attributed
to the flow accelerating along the cavity floor.
Cavity aft wall pressures. An interesting
trend was seen in the aft wall data in figures 17
and 18. (The trend cannot be inferred from the data
of figure 19 for w = 9.6 in. and h = 1.2 in. because the
aft wall for that configuration contains only a single
pressure port.) The data, in general, show that when
the flow is open, the peak measured pressure on the
aft cavity wall occurs at the pressure orifice nearest
the edge of the cavity (z/h = 0). When the flow is
closed, the peak measured pressure on tile aft cavity
wall occurs at the second orifice fl'om the cavity edge
(z/h _ 0.33). For transitional cavity flow there is no
consistent specification, though the trend is for the
peak pressure to move from the edge of the cavity to
the second orifice location away from the edge as the
flow field changes from open to closed. (The pres-
sure peak is near the edge of the cavity (z/h = O)
when the flow has just changed from open to tran-
sitional, and the peak is at the second orifice from
the cavity edge (z/h __ 0.33) when the flow is tran-
sitional but approaching closed flow.) Tile trends
are seen for all data where the cavity was config-
ured at w = 9.6 in. and h = 2.4 in. (fig. 17) and
for the cavity with w = 2.4 in. and h = 2.4 in. at
Mec < 0.60 (figs. 18(a)-(c)). At M_c > 0.80, for the
cavity with w = 2.4 in. and h = 2.4 (figs. 18(d) (f)),
the closed cavity flow trend is not consistently seen,
instead the peak pressure InOW:S toward z/h = 0. It
can be postulated that the peak pressure is associated
with the impingement point of the dividing stream-
line for the flow approaching tile cavity rear face (see
fig. 22). Tile dividing streamline concept is a sim-
plistic method to characterize the cavity flow, where
the flow outside the dividing streamline would exit
the cavity and the flow inside the dividing stream-
line would recirculate within the cavity. Figure 22(a)
is a sketch of the concept for closed cavity flow and
describes how the impingement point of the dividing
streamline on the aft wall is away from the cavity
edge. Figure 22(b) is a sketch for open cavity flow
and shows that the impingement, point of the divid-
ing streamline is at the edge of the cavity. For tran-
sitional cavity flow, the flow field would be changing
from open to closed flow, which would allow for the
variation in the location of the impingement point, of
the dividing streanfline on the aft wall. These results
imply that the aft wall pressure distributions could
be an indicator for defining the cavity flow field type
in the subsonic and transonic speed regiines.
Flow field regimes. The determination of flow
field type was Inade through observing each static-
pressure distribution and classifying it by the charac-
teristics given in the section "Cavity pressure distri-
butions." Figure 23 summarizes the regimes for the
flow types obtained for the test matrix. It shows the
flow regimes as a function of the length-to-depth ratio
of the ca_dt.y, the free-stream Mach number, and the
width-to-depth ratio of the cavity. Based on static-
pressure results, the l/h boundaries for the subsonic
and transonic flow regimes are:
Flow regime Cavity l/h
Open flow <6 to 8
Transitional flow 7 to 14
Closed flow >9 to >15
For the 2.4-in-deep cavities, the cavity flow switches
from open to transitional flow at 1/h _ 6 to 8. For the
1.2-in-deep cavities, the switch occurs at 1/h ,-_ 7.5
to 9, and for the 0.6-in-deep cavities, insufcient data
were taken to define where the switch occurs. Tile
switch from transitional to closed occurs over a wider
range of 1/h and is very sensitive to Mach nmnber.
For a cavity with w = 9.6 in. and h = 2.4 in., the
switch occurs at 1/h > 9 for 2I[_c = 0.60, but not
until 1/h > 13 at M3c = 0.90. The value of l/h where
the switch occurs is dependent on both Math number
and cavity configuration.
Figure 23 should not be used as a precise determi-
nation of the value of 1/h at which the flow switches
either from open to transitional or from transitional
to closed. The flow fields are specified only where a
static-pressure distribution was available, so values of
l/h between the diffcrcnt flow fields where data were
not taken are not specified; these appear as "gaps" in
the data of figure 23. Additionally, the flow changes
from open to transitional to closed in a very grad-
ual manner (see figs. 17 19); therefore the pressure
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distributiondoesnotexperienceanysuddenchanges.
Becauseofthisgradualchange,characteristicsofthe
flowthat wereusedtodistinguishtheflowfield(these
characteristicswerespecifiedabove)maynotbeap-
parentin the pressuredistributionif pressuredata
werenot availableat keypositions.Somegeneral
observationsto bemadefromfigure23are
1. Thedatashowtheapproximaterangeof l/h
where the different cavity flow types occur.
2. The switch from transitional to closed flow
is highly dependent on Mach number and cavity
configuration (length, width, and depth).
3. The range of l/h over which transitional flow
occurs at a given Maeh number generally increases
with increasing cavity width-to-depth ratios.
Effect of Depth
The depth of the cavity was varied to be 0.6, 1.2,
or 2.4 in. at constant values of I/h ranging from 2
to 15. Data presenting tile effect of varying cavity
depth at selected values of l/h are shown in fig-
ure 24. For these comparisons, width renmined con-
stant while depth was varied; therefore, w/h varied.
The effect of varying w and h to keep the ratio w/h
constant will not be addressed in this report. The
boundary-layer thickness was constant for a given
Mach number over the range of configurations; [5/h
is then not constant for each figure. Figures 24(a)
and (b) display the pressure distributions for l/h = 2
and 8. For I/h = 2 (fig. 24(a)) a change in depth
did not change the cavity flow type. At Mo_ = 0.20
and I/h = 2 there is a substantial shift in the value
of @ for which the cause is unknown. For I/h = 8
(fig. 24(b)), increasing cavity depth resulted in the
pressure distributions becoming more representative
of transitional flow. For values of l/h from 9 to 15
(see figs. 24(c) (e)), the effect of increasing the cavity
depth was to produce a pressure distribution resem-
bling a more closed flow cavity configuration.
Effect of Width
The width of the cavity could be set at 2.4
or 9.6 in. With the width set at 2.4 in., only orifices
on the cavity floor centerline were exposed. Below
values of I/h = 11, there was inadequate instrumen-
tation on the cavity floor centerline to assess the ef-
fect of width; therefore, data will be shown for values
of l/h fi'om 11 to 17.5, which, as shown in figure 23,
fall within the l/h range of the transitional and closed
type flow for w = 2.4 and 9.6 in. Figure 25 shows
the effect of varying cavity width while cavity depth
is held constant. From the plots it can be seen that
as the width of the cavity is decreased, the pressure
distribution changes to a distribution more typical of
closed flow at large values of 1/h (see fig. 20). The
data at Mac = 0.20 show a scattered distribution
(e.g., fig. 25(e)) for which the cause is unknown.
Mach Number Effects
The effect of varying Mach number from 0.20
to 0.95 is shown in figure 26. Cavities were tested
at w/h = 8, 4, and 1. Figure 26 contains plots
of the data for each w/h configuration at selected
values of I/h. These data show that the effects
of Mach number on Cp are dependent upon both
cavity configuration and I/h and that there is no
consistent trend of the variation of the magnitude
of Cp with Maeh number for all configurations. The
data presented in figure 26 do reveal some general
trends, however, that are consistent with the trends
shown in figure 23. In figure 23 it is shown that
the onset of transitional flow occurs at values of l/h
from 7 to 9 for all cavity configurations and Mach
numbers. Figure 26(b) shows that at l/h = 6 the
flow is open for all configurations and Maeh numbers.
As l/h is increased to 8 (fig. 26(e)), the flow becomes
transitional for w/h = 1 and 4 at all IVIach numbers
and at 2tI_c = 0.90 and 0.95 for w/h = 8. A
second trend shown in figure 23 and in figure 26
is that the value of l/h corresponding to the onset
of closed cavity flow increases with increasing Mach
number. An example of this is shown in figure 26(d)
for w/h = 4 and l/h = 13; the Moc = 0.20, 0.40,
0.60, and 0.80 data are of the closed type and the
M_ = 0.90 and 0.95 data are transitional. However,
when l/h is increased to 15 (fig. 26(e)), data at
all Mach numbers show closed flow. This result is
shown schematically in figure 23. A final trend shown
in figure 23 is that the extent of the range of 1/h
over which transitional flow occurs at a given Mach
number increases with increasing cavity width-to-
depth ratio. This result can be seen in figure 26(d),
where increasing w/h from 1 to 8 at I/h = 13 and
M_c = 0.90 or 0.95 resulted in the flow field changing
from closed to transitional.
Effect of Cavity Length on Flat Plate
Ahead of the cavity. For values of l/h below 8,
the cavity has minimal effect on the centerline pres-
sure distribution on the plate upstream of the cavity.
For values of l/h greater than 8, the expansion of
the flow about the forward cavity wall produces a
decrease in static pressure forward of the cavity. An
example of this effect is shown in figure 27 and is
typical of what was seen for all configurations.
Beside the cavity. Rows of orifices were located
3 in. oil either side of the cavity on the upper surface
of the flat plate (see fig. 10(a)). Tile data shown in
figure 28 are for tim cavit;/ configuration of w = 9.6
h = 2.4; however, these data are representative of
what was found for all cavity configurations tested.
Tile first, cavity length where there are an adequate
number of orifices on the plate and the cavity floor
for comparison is at l/h = 7. For this configura-
tion, where the flow is open or transitional-open, the
cavity foor pressure distribution levels shown in fig-
ure 28(a), increase as the shear layer approaches the
rear face while the pressures on the flat plate beside
the cavity remain approximately constant, showing
that the cavity flow has little effect on the plate be-
side the cavity. At. l/h = 12 (fig. 2S(b)), distribu-
tions at. Mx = 0.20 to 0.80 show closed flow', while
distributions at AI._ = 0.90 to 0.95 are transitional.
At this value of 1/h tile pressure distritmtion on the
plate shows an effect from the cavity. The pressure
distrilmtion on tile plate shows a decrease in static
pressure near the front of the cavity, a continual in-
crease in the static pressure to about 80 percent of
the cavity length, and rapidly decreasing static pres-
sure beyond that. These trends continue as cavity
length is increased except that the location of rapid
decrease in Cp at the rear of the cavity moves. At
I/h = 17.5 (fig. 28(c)) the rapid decrease in Cp at
tile rear of the cavity occurs near 90 percent of the
cavity length. The trends above l/h = 12 correlate
with flow near a closed or nearly closed cavity flow.
For these flows the flow in the vicinity of the cavity
leading edge is being pulled into the cavity acceler-
ating, and resulting in negative wdues of Cp. As the
flow nears the rear wall, it is being forced out of the
cavity, accelerating, and resulting in a rai)id decrease
in values of Cp.
Comparison With Published Supersonic
Results
A comparison between the sul)sonic/transonic re-
suits in this report and published supersonic data
(refs. 4, 8, and 11) shows several differences and sim-
ilarities. The put)lished supersonic data results are
for Mi x, _> 1.50.
The first comparison will be made between flow,
types defined at sut)sonic/trmlsonic speeds and those
(tefined at supersonic speeds. At supersonic speeds,
four flow types were specified: open, closed,
transitional-open, and transitional-closed. These
types were outlined in the Introduction. At sub-
sonic and transonic speeds, three flow" types (ot)en,
closed, and transitional) were discussed in the sec-
tion "Effect of I/h." Tile open and closed flow
types h)r the supersonic speed range have simi-
lar flow" characteristics and pressure distributions to
the open and closed flow" types, respectively, in tile
subsonic/transonic speed range. The transitional-
closed flow type defined for supersonic speeds cor-
responds to the flow at tile l/h bouildary between
transitional flow and closed flow for tile subsonic/
transonic speed range. Tile transitional-open flow
type at. supersonic speeds is in the transitional
flow regime in the subsonic/transonic speed range.
As discussed in tile Introduction, transitional-open
flow at supersonic speeds occurs with a very small
reduction in l/h from that l/h corresponding to
transitional-close(t flow. Figure 29, a plot from refer-
ence 4 (fig. 7(a)), shows how the pressure distribution
changes anti the flow field switches from transitional-
closed t(i transitional-open with a small change in
1/h. At I/h = 13, the flow is transitional-closed,
and at I/h = 12.6 the flow, switches to transitional-
open. The abrupt change from transitional-closed to
transitional-open led to the requirement to (tefine the
transitional-open flow at supersonic speeds. For the
subsonic/transonic speed range, the mea.sured pres-
sure distritmtions did not reveal a su(hteil change in
the characteristic pressure (tistrillutioIl as l/h was de-
creased from the value at tile boundary })etween tran-
sitional flow and closed flow. In fact, there was an
orderly, gradual change in the pressure distrilmtions
from the characteristic distribution at the 1/h l)ound-
ary between transitional flow and closed flow to the
characteristic distritmtion at the I/h t/oundary tle-
tween transitional flow and open flow. This system-
atie change in the pressure distri})ution led to the def-
inition of transitional flow for the subsonic/trailsonic
spee(t range. An equivalent type of flow has not l)een
defined at supersonic speeds, although the termi-
nology transitional-closed and transitional has 1)e(,n
used interehangeal)ly to descril)e transitional-closed
flow in this speed range (refs. 4, 8, and 11).
Examination of the tabulated data in reference 4
shows that the subsonic/transonic transitional flow
field type can be extended t.o SUl)ersonic flow'. Tab-
ulated data from reference 4, for M = 1.50 anti
6 <_ I/h <_ 12.5, are plotted in figure 30. These
data show that as I/h is decreased from 12.5 to 6,
there is a gradual change in pressure distrilmtion
at supersonic speeds from one that is characteris-
tic of transitional-open flow to one that is charac-
teristic of ot)en flow. (Note that these data are
for the same conditions and configuration as the
data in fig. 29, trot that the Cp scale is greatly ex-
panded.) The distribution at l/h = 12.5 was defined
a_s transitional-open in reference 11, and the distri-
bution at I/h = 7 is representative of open flow as
definedforsubsonicandtransonicspeedsin thesec-
tion "Effectof l/h." Between l/h = 8 and 12.5
there is a region of transitional flow, as defined in
the section "Effect of I/h." The distribution at
l/h = 12.5 defined as transitional-open at super-
sonic speeds can be characterized as transitional flow
by the subsonic/transonic method of classification.
At values of l/h > 12.5 (see fig. 28), there is a
sudden change in the distribution to a transitional-
closed flow; further increasing 1/h produces closed
flow. So, at supersonic speeds, though there is
a sudden change in the pressure distributions be-
tween transitional flow and the boundary of closed
and transitional flow, there is also a region of tran-
sitional flow as was defined for the subsonic and
transonic speed regime, and transitional-open flow
is a transitional flow. The transitional flow regime
at supersonic speeds may have similar I/h bound-
aries to what was found at subsonic and transonic
speeds; however, these boundaries have not been
defined. Although the method used to character-
ize the subsonic/transonic flow field types can be
used to characterize the supersonic flow field types as
open, closed, or transitional, the unique flow feature
at supersonic speeds where the flow switches from
transitional-open to transitional-closed with a small
change in 1/h does not occur at subsonic/transonic
speeds and requires special characterization at su-
personic speeds. A graphical description of the
variation of the pressure distribution with 1/h for
the flow types (as defined in the section "Effect
of I/h") is provided in figure 31. The same for-
mat used ill figure 20 (the graphical description at
subsonic/transonic speeds) is used in figure 31.
A final difference is found in the location of the
peak pressure on the cavity rear face. At subsonic
and transonic speeds the location was found to vary
with the cavity flow regime. This effect was discussed
in the previous section "Effect of l/h." At supersonic
speeds, the peak pressure on the aft wall of tile cavity
was gencrally found nearest the edge of the cavity
(z/h = 0).
A final sinfilarity found at supersonic and
subsonic/transonic speeds was that the effect of in-
creasing the cavity depth (subsonic/transonic results
are in fig. 24) or of decreasing the cavity width
(subsonic/transonic results are in fig. 25) produced
a pressure distribution tending toward a more closed
cavity flow field. At supersonic speeds, similar trends
were observed in reference 4.
Concluding Remarks
An experimental investigation was conducted to
determine the cavity flow characteristics at subsonic
and transonic speeds and in particular to determine
the cavity length-to-depth ratios (l/h) for the bound-
aries of tile different cavity flow types. A rectangular
box cavity was tested at Mach numbers from 0.20
to 0.95 at a unit Reynolds number of approximately
3 × 106 per ft. The boundary layer approaching the
cavity was turbulent and had an approximate thick-
ness of 0.5 in. Cavity geometries were tested over
a range of length-to-depth ratio from 1 to 17.5 and
for cavity width-to-depth ratios of 1, 4, 8, and 16.
Fluctuating- and static-pressure data in the cavity
were obtained; however, only the static-pressure data
are presented in this report. The static-pressure data
results of the test are summarized as follows:
1. Cavity flow field types consisting of open, tran-
sitional, and closed are defined for the subsonic and
transonic speed regimes.
2. The boundary between open and transitional
cavity flows occurs at l/h _ 6 to 8. The boundary
between transitional and closed cavity flows is very
dependent on Mach number and cavity configuration
(length, width, and depth). For the conditions and
configurations tested, the switch to closed flow from
transitional flow occurred at I/h _> 9 up to l/h _ 15.
3. At subsonic and transonic speeds, the change
from closed to open flow occurs gradually through a
transitional type of flow.
4. Reducing the width or increasing the depth
of the cavity while keeping l/h constant results in a
pressure distribution tending more toward a closed
cavity flow field.
5. Increasing the Mach number increases the
range of I/h for which the transitional flow type oc-
curs for a given cavity geometry.
NASA Langley Research Center
Hampton, VA 23681-0001
July 15, 1993
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Table 1. Configuration Test Matrix
Cavity l/h
M_
w = 2.4, h = 2.4 (w/h = 1)
020 x x x x x _ x x
400ox? ti l:x[i i ii iii! .... x ::
_x_l I_ Ixt P I:l.. I:l I I: I::1 I:;I I_,1 Ix Ix
.95
w=9.6, h=2A (w/h=4)
Talfle 2. Nomimtl Test Matrix
AI_ R._, per ft pt._,, psi Tt._, CF q-,c,, psi b, in.
0.20
.10
.60
.80
.90
.95
2.2 x 1()_
3.6
4.7
3.8
3.4
3.4
26
22
21
1,1
13
12
97
101
99
104
110
107
0.7
2.2
1.1
4.2
4.2
,1.2
0.45
.48
.,17
.50
.52
.55
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(a) Flow field model.
+
Cp 0
(b) Typical static-pressure distribution.
FPL
.___-Tones
I
Frequency
(c) Typical fluctuating-pressure distribution.
Figure 1. Open cavity, flow field description at supersonic speeds, l/h < 10.
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(a) Flow field model.
Cp
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(b) Typical static-pressure distribution.
FPL --
I
F_equency
(c) Typical fluctuating-pressure distribution.
Figure 2. Closed cavity flow description at supersonic speeds, l/h > 13.
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(a) Transitional-closed.
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(b) Transitional-open.
Figure 3. Transitional-open and -closed cavity flow field descriptions at supersonic speeds. 10 < l/h < 13.
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Figure 10. Pressure orifice locations.
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Figure 19. Effect of varying cavity length on cavity pressure distributions, w = 9.6 in.; h = 1.2 in.
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Figure 23. Boundaries of cavity flow regimes for a range of cavity variables and Mach numbers.
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Figure 26. Effect of varying Mach number on cavity floor pressure distributions.
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Mo_ = 1.50 and h = 0.5 in. (ref. 4).
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Figure 31. Representative cavity floor pressure distributions for a range of cavity flow types at supersonic
speeds.
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